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Abstract We present a systematic analysis of all the Bep- 
poSAX data of SGR1900+14. The observations spanning 
five years show that the source was brighter than usual on 
two occasions: ~20 days after the August 1998 giant flare 
and during the 10 5 s long X-ray afterglow following the 
April 2001 intermediate flare. In the latter case, we explore 
the possibility of describing the observed short term spectral 
evolution only with a change of the temperature of the black- 
body component. In the only BeppoSAX observation per- 
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1 Introduction 



The soft gamma-ray repeater (SGR) SGR 1900+14 was dis- 
covered in 1979 through a seri es of short and soft gamma 
formed before the giant flare, the spectrum of the SGR1900+14 ray bursts jMazets et al.lll979h . Many years later, its per 
persistent emission was significantly harder and detected also 
above 10 keV with the PDS instrument. In the last Bep- 
poSAX observation (April 2002) the flux was at least a fac- 
tor 1 .2 below the historical level, suggesting that the source 



was entering a quiescent period. 



A. Tiengo 

INAF-IASF Milano, via Bassini 15, 1-20133 Milan, Italy 
E-mail: tiengo@iasf-milano.inaf.it 

P. Esposito 

Universita di Pavia, Dipartimento di Fisica Nucleare e Teorica and 
INFN-Pavia, via Bassi 6, 1-27100 Pavia, Italy 

P. Esposito • S. Mereghetti • L. Sidoli 

INAF-IASF Milano, via Bassini 15, 1-20133 Milan, Italy 

D. Gotz 

CEA Saclay, DSM/DAPNIA/Service d'Astrophysique, F-91191, Gif- 
sur-Yvette, France 

M. Feroci 

INAF-IASF Roma, via Fosso del Cavaliere 100, 1-00133 Roma, Italy 
R. Turolla 

Universita di Padova, Dipartimento di Fisica, via Marzolo 8, 1-35131 
Padova, Italy 

S. Zane 

Milliard Space Science Laboratory, University College London, Holm- 
bury St. Mary, Dorking Surrey, RH5 6NT, United Kingdom 

GL. Israel • L. Stella 

INAF - Osservatorio Astronomico di Roma, via Frascati 33, 1-00040 
Monteporzio Catone, Italy 

P. Woods 

Dynetics, Inc., 1000 Explorer Boulevard, Huntsville, AL 35806 



sistent pulsating X-ray counterpa rt was d iscovered in the 
2-10 keV energy band (Hurl evet alJl9 99b). More recently, 
it was also detected in the hard X-ray range (20-100 keV) 
with the INTEGRAL satellite, becoming the second SGR 
with a measurabl e hard X-ray tail in the spectrum of its per- 
sistent emission (Go tz et al 120 06). 

The bursting activity of SGR 1900+14 is rather discon- 
tinuous (see FigureQ] bottom panel) and culminated on 1998 
August 27 with the emission of a Giant Flare, when more 
than 10 44 ergs of y-rays were emitted in l ess than one secon d 
fthirlev et al 111 999atlMa7,ets et alii 99ft IPfe mci et al 12001 h . 
This was one of the three Giant Flares detected up to now 

from three different SGRs and was interpreted as a new evi- 

dence in fa vor of t he magnetar model. In this model ( Tho mpson & Duncan! 
1995, 119961) . the SGRs and the 
Anomalous X-ray Pulsars (AX Ps, another class of X -ray 
sources with similar properties, Mereghetti et al. 2002|) are 
believed to be neutron stars powered by the decay of their 
extremely intense magnetic field (B ~ 10 14 - 10 15 G). 

Here we present the analysis of the persistent emission of 
SGR 1900+14 both in the soft and hard X-ray range and its 
evolution across the Giant Flare and in relation to its bursting 
activity. 



2 Soft X-ray emission 

2.1 Observations and data analysis 

We have analyzed the X-ray observations of SGR 1900+14 
performed with the BeppoSAX satellite (see TableQ. 
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Table 1 Log of the BeppoSAX observations of SGR 1900+14 



Obs 


Date 


Instrument 


Exp. time 


A 


1 QQ7 OS 1 9 




Aft Vc 
M-U KS 






SAX/PDS 


20 ks 


B 


1998-09-15 


SAX/MECS 


33 ks 






SAX/PDS 


16 ks 


C 


2000-03-30 


SAX/MECS 


40 ks 






SAX/PDS 


18 ks 


D 


2000-04-25 


SAX/MECS 


40 ks 






SAX/PDS 


19 ks 


E 


2001-04-18 


SAX/MECS 


46 ks 






SAX/PDS 


17 ks 


F 


2001-04-29 


SAX/MECS 


58 ks 






SAX/PDS 


26 ks 


G 


2002-03-09 


SAX/PDS 


48 ks 


H 


2002-04-27 


SAX/MECS 


83 ks 



T he spectra w ere extracted from the MECS (Boella ~t alJ 
119971) and LECS JParmar et alJl 997) instruments using cir- 
cles with radii 4' and 8', respectively. The background spec- 
tra were extracted in all cases from nearby regions. Time 
filters were applied to both the source and background spec- 
tra to exclude the SGR bursts detected during observation A, 
B and F. The standard response matrices were used for the 
MECS and LECS spectra. 



2.2 Spectral results 

We have first tried to fit the spectra with an absorbed power- 
law model, but three observations give unacceptable values 
of the x 1 a nd structured residuals. For these observations, a 
good fit is obtained with the addition of a blackbody compo- 
nent. Since such a two-componen ts model is typ ical of the 
magnetar candidates (Woods & Thompson 2004), we have 
used this model to fit all the available spectra, obtaining the 
results reported in Figure Q] As can be seen in the upper 
panel, the flux varies by a factor >5, with the highest values 
observed during observations B and E. These two observa- 
tions were taken shortly after extreme bursting events. The 
former was performed 20 days after the Giant Flare, that was 
follow ed by a ~2 months period of enhanced X-ray flux 
(Woo ds et alj fl999). The latter started only 7.5 hours after 
the 2001 April 18 Intermediate Flare which h ad a fluence 
~20 t imes lower than that of the Giant Flare ilFeroci et alJ 
l200l . The afterglow following this bright burst is clearly 
visible during the BeppoSAX observation as a decrease in 
the X-ray flux, accompanied by a significant softening of the 
spectrum (Fero ci et alJ E0031. In addition to the afterglow 
analysis already reported by Feroci et al. (2003), we have 
performed a time resolved spectroscopy of the afterglow by 
dividing observation E into 5 time intervals. Although the 5 
spectra can be fitted by a variety of models, the spectral evo- 
lution of the afterglow is well represented by an additional 
blackbody component with fixed emitting area (~ 1 .5 km, for 
a source distance of 15 kpc) and progressively decreasing 
temperature (fc^r- 1.3-0.9 keV), that can be interpreted as 
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Fig. 1 Long term evolution of the 2-10 keV unabsorbed flux, the spec- 
tral parameters (for an absorbed power-law plus blackbody model, as- 
suming Nh=2.55x10 22 cirT 2 ) and the burst activity (as observed by 
interplanetary network) of SGR 1900+14. The vertical dashed lines in- 
dicate the times of the Giant and Intermediate Flare (1998 August 27 
and 2001 April 18, respectively). We also plotted the 2005-2006 points 
obtained with XMM-Newton observations (Mereghetti et al. 2006, in 
preparation). 



due to a portion of the neutron star surface heated during the 
flare. 

Excluding the two observations taken after the excep- 
tional explosive events (B and E), the flux of SGR 1900+14 
had a rather constant value of ~10~ n erg cm" 2 s" 1 from 
1997 to 2001. On the other hand a significantly lower flux 
level was seen in the following observations. The flux de- 
crease actually started when the source was still moderately 
active (the flux in observation H is at least 1.2 times lower 
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Fig. 2 BeppoSAX/MECS spectra of observations A (black), C (red) 
and D (green) simultaneously fit, with the same parameters, to an ab- 
sorbed power-law plus blackbody model. The data have been rebinned 
graphically to emphasize the trend in the spectral residuals of observa- 
tion A. 

than in all the previous quiescent observations) and has been 
interrupted by a slight rise in coincidence with the March 
2006 burst reactivation, as shown by recent XMM-Newton 
observations (Mereghetti et al. 2006, in preparation). 

Although the flux of the only pre-Giant Flare observation 
is compatible with that of the quiescent post-flare observa- 
tions taken before 2002, its spectrum is significantly harder, 
as indicated by the comparison of the photon indexes plotted 
in the second panel of Figure^ The spectral change between 
observation A and the following quiescent observations is 
well illustrated by the clear trend of the residuals from the 
simultaneous fit of the spectra of observations A, C and D 
(Figure 0. 

The blackbody parameters are compatible in all the avail- 
able observations, except for that taken during the afterglow 
of the Intermediate Flare (observation E). This indicates that 
a constant blackbody component with k B T~0.4 keV and emit- 
ting area with R~6-7 km might be a permanent feature of the 
X-ray spectrum of SGR 1900+14. 



Table 2 Status of the three transient sources within the PDS field of 
view during the BeppoSAX observations. The presence of the two X- 
ray pulsars (4U 1907+97 and XTE J1906+09) is confirmed by the pres- 
ence of their pulsations in the PDS data, while that of the black hole 
candidate (XTE J1908+94) by its detection in the MECS and LECS 
images and in the RossiXTE ASM lightcurve. 



Obs 4U 1907+97 XTE J1906+09 XTE J1908+94 



A 


OFF 


OFF 


OFF 


B 


ON 


ON 


OFF 


C 


OFF 


ON 


OFF 


D 


ON 


ON 


OFF 


E 


OFF 


ON 


OFF 


F 


ON 


ON 


OFF 


G 


OFF 


ON 


ON 



rather crowded, w ith three transient sources, the X-ra y pul- 
sars 4U 1907+97 dGiacconi et al l 197 It Liu et all2000h and 
XTE J1906+09 (Marsd en etalJll998h. an d the black hole 
candidate XTE J1908+94 fcn't Zand et al1 l2002). located at 
angular distances of 47', 33' and 24' from the SGR, respec- 
tively. The pulsations of the two pulsars are clearly visi- 
ble in the PDS data below 50 keV when they are active, 
while XTE J 1908 +94, if in outburst, is clearly visible in 
the simultaneous MECS and LECS images and, being very 
bright, also in the lightcurve collected by the All Sky Moni- 
tor (ASM) on board the RossiXTE satellite. We have found 
that at least one of these contaminating sources was on in 
all the BeppoSAX observations except for the first one (see 
Table|3. Thus, only the 1997 observation (obs. A), during 
which a significant signal was detected in the background 
subtracted PDS data, can be used to study SGR 1900+14 
without the problem of known contaminating sources. 

We searched for the SGR pulsation period (5.15719 s, as 
measured in the simultaneous MECS data) in the PDS data, 
but the result was not conclusive, giving only a 3cr upper 
limit of 50% to the pulsed fraction of a sinusoidal period- 
icity, to be compared to the ~20% pulsed fraction observed 
below 10 keV. 



3 Hard X-ray emission 

3.1 Detection with the PDS instrument 

To study the high energy emission from SGR 1900+14 we 
used the BeppoSAX PDS instrument, which operated in the 
15-300 keV range. The PDS instrument was more sensitive 
than INTEGRAL in this energy band, but it had no imaging 
capabilities and therefore the possible contamination from 
nearby sources must be taken into account. The field of view 
(FoV) of the PDS instrument was 1.3° (FWHM) and the 
background subtraction was performed through a rocking 
system that pointed to two 3.5° offset positions every 96 s. 
In the case of SGR 1900+14, the background pointings were 
free of contaminating sources, as confirmed by the iden- 
tical count rates observed in the two offset positions dur- 
ing each observation. The field of SGR 1900+14 is instead 



3.2 Spectral analysis 

The background subtracted PDS spectrum of observation A 
can be well fit by a power-law with photon index 
r - 1 .6 + 0.3, significantly flatter than that measured by IN- 
TEGRAL (T = 3.1 ± 0.5, see Figure BJ in 2003/2004. The 
corresponding 20-100 keV flux is 6xl0~ n erg cirT 2 s , a 
factor ~4 higher than during the INTEGRAL observations, 
which confirms that before the Giant Flare the hard X-ray 
tail of SGR 1900+ 14 was brighter. 

The INTEGRAL spectrum was collected during ~2.5 Ms 
of different observations performed between March 2003 
and June 2004, and thus it represents the hard X-ray emis- 
sion of SGR 1900+14 averaged over that long time period. 
Therefore, its relation to the soft X-ray spectrum can be 
studied only comparing the spectra taken by other instru- 
ments in a similar time period, as shown for example in 
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Fig. 3 Broad band spectra of SGR 1900+14 taken on 1997 May 12 
(observation A) with BeppoSAX (blue, both MECS and PDS data), on 
2005 September 20-22 by XMM-Newton (red) and from March 2003 
to June 2004 with INTEGRAL. 



Figure [3] The PDS instrument, instead, being a high sensi- 
tivity hard X-ray detector coupled to the MECS and LECS 
soft X-ray cameras, gives us the chance to study the broad 
band spectrum of SGR 1900+14 during a single observa- 
tion. Fitting the 1-150 keV BeppoSAX spectrum of obser- 
vation A, we obtain a good result (j^ 2 =1.17 for 136 degrees 
of freedom) simply extrapolating to higher energies the best- 
fit model found in the soft X-ray range. In fact, a fit with an 
absorbed power-law plus blackbody model gives the follow- 
ing parameters: photon index r — 1.04 ± 0.08, blackbody 
temperature k B T - 0.50 + 0.06, radius R bb - 5 ±2 km, and 
absorption N H = (1.8 + 0.5) x 10 22 cm" 2 . 



4 Conclusions 

We have studied the variability of SGR 1900+14, both in the 
hard and in the soft X-ray range, finding the following re- 
sults: 

- Except for the observations immediately following ex- 
ceptional flares, the flux level in soft X-rays was sta- 
ble while the source was moderately active and progres- 
sively decreased when it entered a 3 years long quiescent 
period. 

- The Intermediate Flare of 2001 April 18 was followed by 
an X-ray afterglow that can be successfully interpreted 
as due to the heating of a significant fraction of the neu- 
tron star surface, that then cools down in ~1 day. This 
is consistent with the inte rpretation of similar events in 
other magnetar candidates (Woo ds et all20 04). 

- The soft X-ray spectrum during the only available pre- 
flare observation was harder than in the following qui- 
escent observations. This is similar to what observed in 
SGR 1806-20, the only other SGR th at could be mon- 
itored before and after a Giant Flare i|Mereghetti et alJ 
l2005llRea et al l2005MTiengo et al 120051). 



- Comparing the hard X-ray spectrum of SGR 1900+14 
recently observed with INTEGRAL to that observed with 
the PDS instrument in 1997, we find evidence for varia- 
tions in flux and spectral slope. 

- The reduction of the X-ray tail in coincidence with the 
Giant Flare is supported by the count rates detected in 
the PDS instrument above 50 keV during the different 
BeppoSAX observations, that indicate how they signif- 
icantly decreased already in the first post-flare observa- 
tion. Since the hard X-ray tail in the spectrum of 
SGR 1900+14 might contain most of its total emitted en- 
ergy, its variability in relation to the bursting activity is 
a key point to try to understand the SGR emission pro- 
cesses. 
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